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ABSTRACT 
Effect of Kiln Type and Billet Size on 
Acacia seyal var seyal Charcoal Quality. 
 
Candidate name:  Bashier El Siddig Abdel Gadir 
 
The objectives of this study were to investigate the effect of kiln type 
(traditional, metal and drum) and billet size on the properties/quality of charcoal 
produced from Acacia seyal var. seyal wood: 
Sixty seven trees growing in Wadel Khisheid Reserved Forest (Hawata Forest 
Circle, Gedaref State) were randomly chosen, felled and cross-cut into 1-m or 
0.8 m long billets.  The billets were divided into three diameter categories, 
namely, large (≥18 cm), medium (9-17.9 cm) and small (2.5-8.9 cm).  After 
drying for four weeks, samples of each billet size were carbonized using a metal, 
traditional earth mound or oil drum kiln.  Three samples of charcoal, 
representing each billet size and kiln type, were randomly chosen to determine 
moisture content, volatile matter, fixed carbon and ash content, charcoal density, 
ignition and burning time, percentage of burned and unburned charcoal, calorific 
value and water boiling time. 
No significant differences were found between kiln types in air dry density and 
unburned charcoal. Also, there were no significant differences between billet 
sizes in moisture content, oven dry density, ignition time, burning time and 
unburned charcoal.  
Charcoal from traditional kiln had the highest fixed carbon content, the longest 
burning time and relatively high calorific value with significant differences from 
iv 
 
other types.  It had the lowest volatile content. The metal kiln had the highest 
volatile content. 
In the metal kiln, there were significant differences between the three billet sizes 
in volatile content and fixed carbon.  There were also significant differences 
between the large billets and the other two sizes in the ash content and between 
the large and medium billets in air-dry density. 
In the traditional kiln, there were significant differences between the billet sizes 
in volatile content and ash content.  Significant differences were also found 
between the large and other two sizes in fixed carbon, green density and basic 
density, and the large and the small size billets in the percentage of burned 
charcoal.  In the traditional kiln, the small billets had significantly higher 
percentage of burned charcoal than large billets. 
 
 
 v
 
  اﻟﻤﺴﺘﺨﻠﺺ
وأﺣﺠﺎم اﻟﺤﻄﺐ ﻓﻲ ﺟﻮدة اﻟﻔﺤﻢ اﻟﻤﻨﺘﺞ ﻣﻦ ( اﻟﺘﻘﻠﻴﺪﻳﺔ واﻟﺤﺪﻳﺪﻳﺔ واﻟﺒﺮاﻣﻴﻞ )ﺗﺄﺛﻴﺮ أﻧﻮاع اﻷﻓﺮان : اﻟﻌﻨﻮان
 ﺷﺠﺮة اﻟﻄﻠﺢ اﻷﺣﻤﺮ
 
  رﺑﺸﻴﺮ اﻟﺼﺪﻳﻖ ﻋﺒﺪ اﻟﻘﺎد: اﻻﺳﻢ
  
 ﻋѧﺎﻟﻰ ﺣﺠѧﺎم اﻟﺤﻄѧﺐ أو( واﻟﺤﺪﻳﺪﻳѧﺔ ، واﻟﺒﺮﻣﻴѧﻞ ، اﻟﺘﻘﻠﻴﻠﺪﻳѧﺔ )ﻻﻓѧﺮان أﻧﻮاع أﺛﻴﺮ ﺄ دراﺳﺔ ﺗ ا اﻟﺒﺤﺚ هﺬﻣﻦ ﻬﺪف اﻟ
  . اﻟﻔﺤﻢ اﻟﻤﻨﺘﺞ ﻣﻦ ﺣﻄﺐ اﻟﻄﻠﺢ ﺟﻮدة
ﺎت داﺋѧﺮة اﻟﺤﻮاﺗѧﺔ ﺑﻮﻻﻳѧﺔ ﺧﺘﻴﺮت ﺳѧﺒﻌﺔ وﺳѧﺘﻮن ﺷѧﺠﺮة ﻋѧﺸﻮاﺋﻴﺎ ﻓѧﻲ ﻏﺎﺑѧﺔ ود اﻟﺨѧﺸﻴﺪ اﻟﻤﺤﺠѧﻮزة اﻟﺘﺎﺑﻌѧﺔ ﻟﻐﺎﺑѧ أ
ﻟѧﻰ إاﻟﺤﻄѧﺐ ﻓѧﺮز    وﻣѧﻦ ﺛѧﻢ ﺗѧﻢ .اوﺛﻤѧﺎﻧﻮن ﺳѧﻨﺘﻤﺘﺮ   -،ﻣﺎﺋѧﺔ ﺳѧﻨﺘﻤﺘﺮا  ﻃﻮالﺄﺑ ﻓﻄﻌﺖ هﺬﻩ اﻻﺷﺠﺎر اﻟﻘﻀﺎرف ، 
-5.2) و ﺻѧﻐﻴﺮ ( ﺳѧﻢ 9.71 -9) ﻣﺘﻮﺳﻂ  و  او اآﺒﺮ ( ﺳﻢ 81) ﺮﺒﻴ آ ﺣﺠﻢ ﻣﺠﻤﻮﻋﺎت  ﺣﺴﺐ ﻗﻄﺮهﺎ وهﻲ  ﺛﻼث
ن أاﻻﻓѧﺮان ﺣﻴѧﺚ ﻧѧﻮاع أآѧﻞ ﻣѧﻦ  اﻟѧﺜﻼث ﻓѧﻲ ﺣﺠﺎماﻻﻋﻴﻨﺎت  ﺖ ﺣﺮﻗ ﺑﻌﺪ اﻟﺘﺠﻔﻴﻒ ﻟﻤﺪة ارﺑﻌﺔ اﺳﺎﺑﻴﻊ (. ﺳﻢ 9.8
  .ﻻ ﻟﻠﺤﺠﻢ اﻟﺼﻐﻴﺮإاﻟﺒﺮﻣﻴﻞ ﻟﻢ ﻳﺴﺘﺠﻴﺐ 
ﺘѧﻮى اﻟﺮﻃѧﻮﺑﻲ  واﻟﻤѧﻮاد ﺤﻓѧﺮان اﻟﺜﻼﺛѧﺔ ﻟﻔﺤѧﺺ اﻟﻤ ﻧﻮاع اﻷ أ ﻣﻦ  اﻟﻤﺨﺘﻠﻔﺔ ﺣﺠﺎماﻷأﺧﺬت ﻋﻴﻨﺎت ﻋﺸﻮاﺋﻴﺔ ﺗﻤﺜﻞ 
ﻧѧﺴﺒﺔ اﻟﻔﺤѧﻢ  ﺷﺘﻌﺎل و ﻣﺪة ﺗﻼﺷﻲ اﻟﻔﺤﻢ و ﻮى اﻟﺮﻣﺎد و آﺜﺎﻓﺔ اﻟﻔﺤﻢ و ﺳﺮﻋﺔ اﻹ ﺘ ﻣﺤ اﻟﻄﻴﺎرة واﻟﻜﺮﺑﻮن اﻟﺜﺎﺑﺖ و 
  .ﺑﺪء اﻟﻐﻠﻴﺎنزﻣﻦ و اﻟﻤﺤﺘﺮق واﻟﻐﻴﺮ ﻣﺤﺘﺮق  واﻟﻘﻴﻤﺔ اﻟﺤﺮارﻳﺔ
ﻤﺤﺘﺮق ، آﻤﺎ ﻟѧﻢ اﻟﻔﺤﻢ ﻏﻴﺮ  واﻟﺎهﻮاﺋﻴاﻟﻤﺠﻔﻒ ﻓﺮان اﻟﺜﻼﺛﺔ ﻓﻲ آﺜﺎﻓﺔ اﻟﻔﺤﻢ ﻧﻮاع اﻷ  أ  ﻣﻌﻨﻮﻳﺔ ﺑﻴﻦ ﻓﺮوقﻟﻢ ﺗﻮﺟﺪ 
  ﺑѧﺎﻟﻔﺮنﺣﺠѧﺎم اﻟﺜﻼﺛѧﺔ ﻓѧﻲ اﻟﻤﺤﺘѧﻮى اﻟﺮﻃѧﻮﺑﻲ وآﺜﺎﻓѧﺔ اﻟﻔﺤѧﻢ  ﺑѧﺎﻟﺘﺠﻔﻴﻒ  ﻣﻌﻨﻮﻳѧﺔ ﺑﺎﻟﻨѧﺴﺒﺔ ﻟﻸﻓѧﺮوق ﻟѧﻚ هﻨﺎﺗﻜѧﻦ
  .ﻤﺤﺘﺮقاﻟ وﻧﺴﺒﺔ اﻟﻔﺤﻢ ﻏﻴﺮ ﺷﺘﻌﺎل  وﻣﺪة اﻟﺘﻼﺷﻲ وﺳﺮﻋﺔ اﻹ
ﻗѧﻞ أﻤѧﺔ ﺣﺮارﻳѧﺔ و ﻃﻮل ﻣﺪة ﺗﻼﺷﻲ وﻧѧﺴﺒﻴًﺎ أﻋﻠѧﻰ ﻗﻴ أآﺒﺮ ﻣﺤﺘﻮى آﺮﺑﻮن ﺛﺎﺑﺖ و أﻋﻠﻰ ﻟﻔﺮن اﻟﺘﻘﻠﻴﺪي اﺗﺤﻘﻖ ﻣﻊ 
  . ﻄﻴﺎرة ﻟﻠﻤﺆاد ﻟﻠﻋﻠﻰ ﻣﺤﺘﻮىأﻓﺮن اﻟﺤﺪﻳﺪ اﻟﺬي ﺑﻪ  ﻟﻔﺮوق ﻣﻌﻨﻮﻳﺔ ﻣﻦ ﻣﺤﺘﻮى ﻣﻮاد ﻃﻴﺎرة ﺧﻼﻓﺎ
  اﻟﺮﻣѧﺎد ﻓѧﺮان اﻟﺘﻘﻠﻴﺪﻳѧﺔ ﻓѧﻲ اﻟﻤѧﻮاد اﻟﻄﻴѧﺎرة وآﻤﻴѧﺔ  اﻷ ﺑѧﻴﻦ ﺣﺠѧﺎم اﻟﺜﻼﺛѧﺔ  ﻣﻌﻨﻮﻳѧﺔ ﺑﺎﻟﻨѧﺴﺒﺔ ﻟﻸ ﻓѧﺮوق وﺟѧﺪت آﺬﻟﻚ 
وﻟﻘѧﺪ . ﻳﺔﺎﻋﺪﺜﺎﺑﺖ واﻟﻜﺜﺎﻓﺔ اﻟﺨﻀﺮاء واﻟﻜﺜﺎﻓﺔ اﻟﻘ ﺧﺮﻳﻴﻦ ﻓﻲ ﻣﺤﺘﻮى اﻟﻜﺮﺑﻮن اﻟ وﺑﻴﻦ اﻟﺤﺠﻢ اﻟﻜﺒﻴﺮ واﻟﺤﺠﻤﻴﻦ اﻵ 
  .آﺎﻧﺖ ﻧﺴﺒﺔ اﻟﻔﺤﻢ اﻟﻤﺤﺘﺮق ﻓﻰ اﻟﺤﺠﻢ اﻟﺼﻐﻴﺮ أﻋﻠﻰ ﻣﻦ اﻟﺤﺠﻢ اﻟﻜﺒﻴﺮ
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ﺣﺠﺎم اﻟﺜﻼﺛﺔ ﻓﻲ ﻣﺤﺘﻮى اﻟﻤﻮاد اﻟﻄﻴﺎرة واﻟﻜﺮﺑﻮن اﻟﺜﺎﺑﺖ ﻷ اﺑﻴﻦ ﻣﻌﻨﻮﻳﺔ ﻓﻲ ﻓﺮن اﻟﺤﺪﻳﺪ ﻓﺮوقوﺟﺪت آﻤﺎ 
آﻤﻴﺔ اﻟﺮﻣﺎد وﺑﻴﻦ اﻟﺤﺠﻢ اﻟﻜﺒﻴﺮ واﻟﻤﺘﻮﺳﻂ ﻓﻲ ﺧﺮﻳﻦ ﻓﻲ ﻣﻊ ﻓﻮارق ﻣﻌﻨﻮﻳﺔ ﺑﻴﻦ اﻟﺤﺠﻢ اﻟﻜﺒﻴﺮ واﻟﺤﺠﻤﻴﻦ اﻵ
  .ﺎهﻮاﺋﻴاﻟﻤﺠﻔﻒ آﺜﺎﻓﺔ اﻟﻔﺤﻢ 
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CHAPTER I 
INTRODUCTION 
 
Back ground 
Wood has been used for millenia for many purposes. One of its primary 
uses is as fuel.  It is also used for making artworks, furniture, tools, and 
weapons, and as a construction material.  Wood is combustible.  This 
property makes wood one of the major sources of fuel in the world 
economy because of the relative abundance and the renewable nature of 
the supply.  It also opens many possibilities for deriving basic chemicals 
from wood, such as alcohols and gaseous compounds.  The national 
forest products demand survey (FNC, 1995) estimated that about 71% 
of the total oil equivalent of energy consumption was in the form of 
wood fuels, while 15% was from petroleum.  The total amount of fuel 
wood consumed in terms of final energy was equivalent to about 6.6 
tone oil equivalent (TOE).  About 46% of the volume (m3) of fuel wood 
was used for charcoal making (FNC, 1995).  In 2004, biomass energy 
(fire wood, charcoal and residues) composed 78% of primary energy 
consumption in Sudan, which is equivalent to 11.3 million TOE (ME, 
2005). 
Although wood of any species can be used as firewood or converted 
into charcoal, they differ in ignition, burring time, heating value, weight 
and the amount of ash  (Wilson et al., 1987; Karchesy and Koch, 1979).  
Anyhow, the best charcoal is usually manufactured from fine grained 
hardwood species  While charcoal can be made from any number of 
natural materials, hardwoods are favored (www.Forestry.about.com) 
and the best charcoal is usually manufactured from fine grained 
hardwood species (www.englishcharcoal.co.uk).  In Sudan, the tree 
species preferred for charcoal making are Acacia seyal followed by A. 
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melfiefra and Balanites aegyptica (Abdel Nour, 1984).  Acacia seyal is 
a widespread species in the Sudan.  Its charcoal has high heating value, 
it is with no sparkles and preferred by both the charcoal makers and 
consumers (Abdel Nour, 1984). 
Wood can be converted into charcoal using a wide range of carbonization 
methods that range from primitive systems (gathering charcoal produced 
by forest fires) to highly complex gas retorts (Booth, 1983).  Some of the 
widely most used kiln types are the earth mound, earth pit, brick, portable 
steel and oil- drum kilns. 
Previous evaluation studies have shown that the Sudanese earth mound 
method of charcoal production is remarkably efficient when compared 
with reported conversion efficiencies for similar operations in other 
countries.  This is mainly due to the dryness of the soil and the materials 
used in the kiln construction, low moisture content before carbonization 
and the high degree of skill developed by the Sudanese charcoal makers 
over the years.  This is in recognition of the economic benefits of 
producing the maximum amount of charcoal from the restricted 
resource available (Abdel Nour and Satti, 1984; Padon and Satti, 1986). 
However, little information is available on the quality of charcoal 
produced from home-growing wood species using various wood sizes 
and kiln types. 
 
Objectives: 
The objective of this research was to study the variation in production 
efficiency and quality of charcoal produced from A.seyal (talh) using 
deferent sizes of billets and different types of kilns. 
 
3 
 
CHAPTER II 
LITERATURE REVIEW 
 
Wood Raw Material  
Wood is a solid material derived from woody plants, notably trees but 
also shrubs.  In its most common meaning, wood is the secondary xylem 
of a woody plant, but in the wider sense, wood may refer to other 
materials and tissues with comparable properties.  About 50% of the 
wood and bark of hardwoods is comprised of the element carbon, from 30 
to 42 % oxygen and about 6% is hydrogen (Panshin and de Zeewu, 
1980).  These values compare well to what was reported by (Tillman, 
1978) that the ultimate analysis for wood is 52, 40.5 and 6.3 % for 
carbon, oxygen and hydrogen, respectively  
Wood tissue is composed principally of a group of polymer substances 
which make up the bulk of the cell wall. The chemical components of the 
cell wall substance in normal wood consist of primary and secondary 
components.  The primary components are holocellulose, which is 
composed of cellulose (40-50%) and hemicelluloses (20-25%), and lignin 
(15-35%).   The secondary components include tannin, volatile oils, 
resins, gum, latex, alkaloids and other complex organic compounds 
including olives and coloring material beside the ash which is usually less 
than1.1 percent (Panshin, and de Zeeuw, 1980; Welson and White, 1986).  
Karchesy and Koch (1979) noted that the summative chemical 
components of hardwoods range as follows: 33.8-48% cellulose, 23.2-
37.7% hemicelluloses (such as xylan), 19.1-30.3 lignin, 1.1-9.6% 
extractives and 0.1-1.3% ash.  
Wood is a heterogeneous, hygroscopic, cellular and anisotropic material. 
The water is adsorbed or held as molecules of water on the cellulose-
lignin structure.  Air-dry wood (at equilibrium moisture content) still 
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contains 6-18% of adsorbed water (FAO, 1987). However, in dry area the 
air-dry wood can contains 6-15% moisture content. 
Growing, freshly cut or "unseasoned" wood contains, in addition, free 
water to give a total water content of about 40 to 100% or more expressed 
as a percentage of the oven dry weight of the wood (FAO, 1987).  The 
moisture content of the older wood, usually but not invariably, decreases 
and other varied changes may occur as the trunk increase in diameter. 
The older wood, near the centre, gradually ceases to function in 
conduction and storage and the living cells of the wood die (Welson and 
White, 1986). 
The variation in energy content by weight between different woods is 
very small.  However, as most hardwoods tend to be denser than 
softwoods, they typically contain more energy by volume.  Softwoods 
tend to be easy to light and burn quickly (making them very good 
kindling) and may season faster (www.woodfuelwales.org.uk). 
Wood produced by trees of the same species is often mistakenly assumed 
to be identical in all physical and structural properties, but in fact pieces 
from the same tree are never identical and are similar only within broad 
limits (Panshin, and de Zeeuw, 1980).  Basically all the physical 
properties of wood are determined by the factors inherent in the structural 
organization and these may be summarized as follows: 
1- the amount of cell wall substance present in a given volume of wood. 
2- he amount of water percentage in the cell wall 
3- the proportionate composition of the primary chemical compounds of 
the cell wall and the quantity as well as the nature of the extraneous 
substances and their percentage.  
4- the arrangement and orientation of micro fibrils in the wall material in 
the cells and in other different tissues  
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5- the kind, size proportion and arrangement of the cells making up the 
woody tissue (Panshin and de Zeeuw, 1980). 
 
Biomass as Source of Energy 
Biomass energy is mankind's oldest fuel source and it is also a fuel of the 
future, since, of all the renewable energy alternatives, biomass is of the 
greatest versatility and the most widely used type of energy in the 
developing countries.   
Biomass energy is the general term that refers to the energy that can be 
derived from plant and animal materials, through a variety of conversion 
and use processes (Hall et al., 1982). 
In most African countries biomass continues to be the main energy source 
for subsistence activities such as cooking, heating and lighting.  
Firewood, charcoal and to some extent wood and crop residues are 
traditional fuels.  Biomass is solar energy stored in organic matter.  As 
trees and plants grow, the process of photosynthesis uses energy from the 
sun to convert carbon dioxide into carbohydrates (sugars, starches and 
cellulose). Biomass is a renewable energy source because the growth of 
new plants and trees replenishes the supply (www.oregon.gov/ 
ENER/RENEW/ Biomass/ biomass ). 
Solar energy collected by plants and stored, in the form of biomass, 
particularly as wood, is a major source of energy in developing countries, 
as it was in the pre-industrial past of developed countries. But wood, is a 
renewable sources only when the rate at which it is depleted is less than 
the rate at which it is regenerated.  This is certainly not the case in most 
developing countries where wood is a rapidly dwindling resource due to 
the multiplicity of its uses and the escalation in the magnitude of its 
consumption resulting from the burgeoning populations (FAO, 1987).  In 
6 
 
1995, energy supply in the Sudan was around eleven million TOE, more 
than ten million tonne is from biomass, 95% of which is in the form of 
wood.  About 1.3 million TOE came from petroleum products and about 
hundred thousand TOE were from electricity (Hassan 2004).  Earl and 
Obeid (1995) estimated that less than 20% of total energy consumption is 
from imported oil and hydropower; the remainder was from biomass 
including firewood, charcoal, agricultural residues and dung. 
The types of biomass available for conversion to energy include, forest 
biomass, crop residues, and other sources such as city waste, animal 
manure and house waste (FAO 1994). The largest source of energy from 
wood waste is pulping liquor or “black liquor,” a waste product from 
processes of the pulp, paper and paperboard industry.  Energy waste is the 
second-largest source of biomass energy.  The main contributors of 
energy waste are municipal solid waste, manufacturing waste, and landfill 
gas.  Biomass alcohol fuel, or ethanol, is derived almost exclusively from 
corn.  Its principal use is as an oxygenate in gasoline (www.eia.doc.gov/ 
cneaf/solar). Use of biomass for cooking and heating in the home is the 
largest application of biomass energy (Hall et al. ,1982). 
In Sudan fuelwood is mainly used in household sector; the second biggest 
users are the industries and service sectors (Ahmed and Elmagzoub, 
1985).  At the global level, the production of biomass-derived energy has 
the potential to have both positive and negative effects on all three major 
environmental issues, namely, land degradation, climate change and loss 
of biodiversity (FAO, 1994). 
To utilize biomass resource for energy purposes a wide variety of 
techniques are available .The most efficient was to use most forms of 
biomass, at least those with reasonably low moisture contents, is to burn 
them directly for heat as near as possible to where they are grown 
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(Hall et al. 1982).  To reduce transportation cost and to increase the 
versatility of biomass energy, it's often desirable to convert biomass to a 
variety of more convenient fuel forms (Hall et al., 1982). 
 
Wood as Combustible Fuel 
Like other organic materials wood is combustible; under suitable 
conditions it burns and its constituents undergo oxidation with liberation 
of energy in the form of heat (Desch and Dinwoodie, 1981).  This 
property makes wood one of the major sources of fuel in the world 
economy because of  the relative abundance and the renewable nature of 
supply (Panshin and de Zeeuw, 1980).  The most common way to use 
wood and bark for energy is to burn them for heat (Karchesy and Koch, 
1979).  It also opens many possibilities for deriving basic chemicals from 
wood such as alcohols and gaseous compound that can replace similar 
materials now obtained from crude oil.  On the other hand combustibility 
of wood must be taken into account when it is employed in big 
constructions (Panshin and de Zeeuw, 1980). 
Before energy can be used for end-use activities, it often has to be 
converted from its primary form into a form that is more convenient for 
transport and use.  Also wood is converted into other forms for energy 
purposes, such as charcoal, briquettes, gas, ethanol and electricity.  Wood 
energy conversion technologies range from simple, traditional processes 
such as charcoal production in earth mounds to modern, highly efficient 
processes, such as dendro-power and co-generation 
(www.wgbis.ces.iisc.ernet.in/energy/HC270799/RWEDP/i_conversion.). 
Wood is an inherently variable substance because of its origin as a 
product of metabolism of the living tree; as a result, its properties are 
subject to wide variations brought about by its growth.  Therefore, wood 
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characteristics may vary in different parts of the same tree as well as from 
tree to tree (Panshin and de Zeeuw, 1980). 
 
Factors affecting the fuel value of wood 
Desch and Dinwoodie (1981) stated that fuel value of wood depends 
largely on the amount of wood substance in a given volume, i.e. on the 
density, on the chemical composition of the wood substance and on the 
state of dryness of the wood.  Tillman (1978) noted that wood fuel varies 
with tree species and wood material.  While the physical structure is not 
an important parameter in determining the energy value of (of a given 
weight of) wood material, the chemical composition is of critical 
importance.  He added that the development of comparative energy 
efficiency is complicated by the variation of value of wood fuel which 
exists.  This variation includes not only fuel value, but also physical 
condition and location.   
Karchesy and Koch (1979) noted that heating value, ultimate analysis, 
proximate analysis, moisture content and size are important characters 
that influence the value of wood as fuel; some of these characteristics will 
not vary significantly while others such as moisture content and size can 
vary greatly.  
Tillman (1978) reported that the different chemical composition is 
responsible for varying heat content among wood fuels.  Holocellulose 
and lignin offer significantly different heat of combustion, for example, 
7527 btu/lb for holocellulose and 11479 btu/lb for lignin from Douglas-
fir. 
Koch (1985) reported that the heat of combustion of woody material 
varies considerably with chemical content.  Resin, lignin, terpenes and 
waxes have high heat content, while carbohydrates are relatively low in 
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heat.  Tillman (1978) stated that the extractives also contain high energy 
contents sometimes approaching 15000 btu/lb.  This association is to be 
expected to support the general statement that as the lignin and extractive 
content of wood species rise so does the heating value of the fuel 
produce. 
Firewood usually relates to timber or trees unsuitable for building or 
construction.  Firewood is a renewable resource provided that the 
consumption rate is controlled to sustainable levels.  Ibnouf (1994) stated 
that some of the wood species used for fuel in Sudan are Acacia seyal, A. 
nilotica, A.mellifera, A. senegal, A. raddiana ,A. nubica ,A. tortilles, 
Calotropis procera, Cappairs deciduas, Hyphane thebaica ,Cadaba 
rotundifolia, Prosopis chilensis, Balanites aegptiaca ,Eucalybtus spp, 
Boscia senegalnsis, Dalbergia melanoxzylon, Leptadenia pryotechnical, 
Maerua grassifolia, Terminalia brownii, Anogeissus leiocarpus, Ziziphus 
spina-christi. 
 
Wood Combustion 
Combustion can be divided into three stages. First, moisture is 
evaporated, requiring approximately 1100 Btu per pound of water.  
Second, the fuel temperature rises until the volatiles are driven off and 
burned.  Third, the remaining carbon is burned. Thus, much of the 
available heat is lost because of the moisture content of the fuel (Wilson 
et al. 1987). 
The moisture content of wood and bark is very important to combustion.  
Moisture reduces both heating value and furnace efficiency.  Maintaining 
combustion at moisture content over 60 percent is very difficult if not 
impossible.  The minimum amount of air needed for combustion (the 
theoretical) does not depend on the moisture content and can be 
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calculated from the ultimate analysis.  The quality of carbonization has 
the greatest potential to increase the yield and raise the quality of charcoal 
(FAO Undated).  
The carbonization stage may be decisive in charcoal production even 
though it is not the most expensive one. Unless it is carried out as 
efficiently as possible, it puts the whole operation of charcoal production 
at risk since low yields in carbonization reflect back through the whole 
chain of production as increased costs and waste of resources (FAO, 
1987). 
Carbonization takes place with substantial flows of heat into and out of 
the wood being carbonized; the correct control of these heat flows is 
important for efficient carbonization to maximum yield and quality in 
charcoal production (Booth, 1983). 
Low carbonization temperatures give a higher yield of charcoal but this 
charcoal is of low grade, corrosive due to its content of acidic tars, and 
does not burn with a clean smoke-free flame. Good commercial charcoal 
should have a fixed carbon content of about 75% and that calls for a final 
carbonizing temperature of around 500° C (FAO, 1987). 
 
Charcoal 
Sixty percent of all wood taken from the world forest is believed to be 
burned as fuel, either directly or after conversion into charcoal (FAO, 
1987).  Charcoal is the residue contained when wood or other woody 
material such as bark is heated in a closed space above 300 °C without 
free access of air and allowing it to cool to normal temperature without 
entry of air (Booth, 1983).   
Charcoal is wood fuel in an alternative form.  It has a higher fuel value 
than ordinary wood, both on a volumetric and a weight basis (Desch and 
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Dinwoodie, 1981).  Although in preparing the charcoal more than half of 
the woods energy is nearly burned away, charcoal is preferred because of 
its steady and concentrated heat and less in smoke.  It can be easily 
extinguished when the fire is no longer needed.  Charcoal also can be 
used substitute fossil fuels, which in some places is an urgent need 
(National Academy of Science 1983).  Desch and Dinwoodie (1981) 
noted that the advantages of charcoal over firewood are largely economic 
ones, associated with low transport and handling costs per heat unit and 
the costs are more than offsetting cost of manufacturing. Charcoal makes 
wood energy easier and cheaper to transport. 
Charcoal unlike wood is can not be affected by insects or decay fungi. It 
can be stored indefinitely without deterioration except for the production 
of use less dust due handling because of its friable nature.  Charcoal has a 
fine porous structure which aids the combustion of the carbon and tars 
which it contains. It burns with short hot flame without production of 
smoke.  Charcoal when ignited burns steadily giving out much of heat by 
the radiation from the burning fuel bed. Wood, on another hand, burns 
with a flame and requires a different design of burning apparatus to 
achieve maximum efficiency (Booth, 1983). 
Because of its porous structure, finely divided charcoal is a highly 
efficient agent for filtering the adsorption of gases and of solids from 
solution. It is used in sugar refining, in water purification, in the 
purification of factory air and in gas masks. Wood charcoal can remove 
coloring agents from solutions. (FAO, 1987) 
 
Efficiency in carbonization stages in charcoal formation 
When the wood in the kiln is heated it passes through definite stages on 
its way to conversion to charcoal. At 20 to 110° C the wood absorbs heat 
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and giving off its moisture as water vapor (steam).  The temperature of 
the kiln remains around 100c until the bulk of the wood is dry.  
At 110 to 270° C heat is absorbed and final traces of moisture are evolved 
and some components of the wood begin to decompose giving off carbon 
monoxide, carbon dioxide, some acetic acid and methanol.  At 270 to 290 
°C exothermic decomposition of the wood starts and heat is given out, 
break down continues without requiring any heat input, gases and vapors 
including some tar lignin to be given off.  At 290 to 400° C the 
combustible gasses, hydrogen and methane are evolved plus the 
condensable liquids water vapor, acetic acid, methanol, acetone etc and 
tars which get progressively thicker as the temperature rises.  At 400° C 
carbonization is practically completed, but further heating is needed to 
reduce the volatile content and hence raise the fixed carbon content of the 
charcoal. 
At 400° C to 500° C volatile matter, mainly in the form of tar, is evolved 
plus some hydrogen and methane gas. The fixed carbon content of the 
charcoal rises to about 80% producing strong good quality charcoal, if 
further heating is carried out reaching temperature of 800 to 900 degree 
the volatiles are reduced practically to zero and the charcoal consist of 
carbon and ash (Booth, 1983; FAO, 1987). 
The carbonization of the charcoal is the most important step in charcoal 
formation, because it has the ability to influence the efficiency of the 
whole charcoal making process.  A high conversion factor means less 
wood has to be harvested, dried, transported and loaded on the kiln or 
other equipment (Booth, 1983). 
There are at least three major factors, which affect conversion efficiency 
or yield (a) the moisture content of the wood at time of carbonization (b) 
the type of carbonization or equipment used and (c) the care with which 
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the process is operated.  The characteristics of the woody raw material 
have a significant effect on the choice and performance of carbonization 
equipment. The three important-factors are species, moisture content, and 
dimensions of the wood itself (FAO, 1987). 
Abdel Nour and Satti (1984) found that charcoal yield and quality depend 
on kiln size and personal skills of kiln operator.  Small kiln seemed more 
efficient than other sizes of kilns .they were perhaps easier to control 
during carbonization by virtue of their size, not much time was required 
to prepare their wood.  Their charcoal was generally sounder than that of 
large kilns because their wood did not stay long time to be affected by 
wood bores.  Personal skill of kiln operator was reflected in the 
thoroughness of stacking and burial and in closer supervision of 
carbonization. 
The yield of charcoal also shows some variation with the kind of wood. 
There is evidence that the lignin content of the wood has a positive effect 
on charcoal yield.  High lignin content gives a high yield of charcoal. 
Therefore, mature wood in sound condition is preferred for charcoal 
production.   
Dense wood also tends to give a dense, strong charcoal, which is also 
desirable. However, very dense woods sometimes produce friable 
charcoal because the wood tends to shatter during carbonization. The 
friability of charcoal increases as carbonization temperature increases and 
the fixed carbon content increases as the volatile matter content falls.  A 
temperature of 450 to 500°C gives an optimum balance between friability 
and the desire for high fixed carbon content (FAO 1987). The extreme 
dryness of the wood should be most beneficial in achieving maximum 
yields of charcoal (Padon and Satti 1986). 
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Pyrolysis 
Pyrolysis is the correct scientific term for transformation of wood when it 
is converted to charcoal and volatile material of various kinds.  By 
heating the wood in a closed vessel away from the oxygen of the air, 
which allows it to ignite, we force it to decompose in to a range of 
substances.  There are three style products in wood pyrolysis;  Those are 
solid matter (such as charcoal), liquid matter (pyroligneous liquor) and 
gaseous matter (wood gas); the main one is charcoal after allowing 
cooling without ingress of  oxygen from the air (Booth 1983). 
There are several generic approaches to conversion, pyrolysis, 
gasification, hydrogenation, enzymatic hydrolysis followed by 
fermentation and anaerobic digestion (Tillman 1978).  Pyrolysis is the 
thermal decomposition of biomass at elevated temperatures in the 
absence of oxygen.  When biomass is heated in this way a sequence of 
physical and chemical changes occur which yield a medium energy, gas, 
a complex Pyrolysis  and solid charcoal in proportions which are 
determined by the temperature, moisture content and biomass condition.  
Pyrolysis is usually carried out at atmospheric pressure and temperature 
between 200 ○C and 600 ○C; under this condition typical product yields 
are: charcoal 20-30%, organic liquid 18-20% gas 20% (Hall et al. 1982).   
 
Charcoal Properties 
Moisture content 
Fresh charcoal from an opened kiln contains very little moisture, usually 
less than 1%. Absorption of moisture from the humidity of the air itself is 
rapid and there is, with time, a gain of moisture which even without any 
rain wetting can bring the moisture content to about 5 to 10%, even in 
well-burned charcoal. When the charcoal is not properly burned or where 
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pyroligneous acids and soluble tars have been washed back onto the 
charcoal by rain, as can happen in pit and mound burning, the 
hygroscopicity of the charcoal is increased and the natural or equilibrium 
moisture content of the charcoal can rise to 15% or even more.  Moisture 
lowers the calorific or heat value of the charcoal (FAO, 1987). 
 
Volatile matter (other than water) 
The volatile matter other than water in charcoal comprises all those liquid 
and tarry residues not fully driven off in the process of carbonization.  If 
carbonization is prolonged at a high temperature, then the content of 
volatiles is low.  When the carbonization temperature is low and time in 
the kiln is short, then the volatile matter content increases. At low 
temperatures (300°C) a charcoal yield can reach 50%. At carbonization 
temperatures of (500-600° C) volatiles decrease and the yields is also 
decrease. At very high temperatures (around 1000° C) the volatile content 
is almost zero and yields fall to near 25% (FAO, 1987). 
Charcoal can reabsorb tars and pyroligneous acids from rain wash in pit 
burning and similar processes.  Thus the charcoal might be well burned 
but have high volatile matter content due to this factor.  The volatile 
matter in charcoal can vary from a high of 40% or more down to 5% or 
less (FAO, 1987).   
High volatile charcoal is easy to ignite but may burn with a smoke flame. 
Low volatile charcoal is difficult to light and burns very cleanly. A good 
commercial charcoal can have net volatile matter content (moisture free) 
of about 30%.  High volatile matter charcoal is less friable than ordinary 
hard burned low volatile charcoal and so produces fewer fines during 
transport and handling.  It is also more hygroscopic and thus has higher 
natural moisture content (FAO, 1987). 
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Fixed carbon content 
The fixed carbon content of charcoal ranges from a low of about 50% to a 
high or around 95%.  Jarvis (1960) noted that good quality industrial 
charcoal has a fixed carbon content of 75 to 82 percent. The remainder is 
being volatile matter, moisture and ash.  Low carbonization temperatures 
give a higher yield of charcoal but this charcoal is low grade, corrosive 
due to its content of acidic tars, and does not burn with a clean, smoke-
free flame.  Good commercial charcoal should have a fixed carbon 
content of about 75%.  A temperature of 450 to 500° C gives high fixed 
carbon content (FAO, 1987). 
Ash content 
Ash is determined by heating a weighed sample to red heat with access of 
air to burn away all combustible matter. The ash content of charcoal 
varies from about 0.5% to more than 5% depending on the species of 
wood, the amount of bark included with the wood in the kiln and the 
amount of earth and sand contamination (FAO, 1987). 
There is a variation in the ash content of different woods but this is 
generally not significant.  Bark, however, has unacceptably high ash 
content and the structure of bark charcoal is too friable to be useful for 
most purposes (FAO, 1987).  Species from dry habitats have in general, 
low ash content, high energy level, high volatile oil contents and low 
moisture contents; wet habitat species have high percentages of moisture 
and ash.(Dickenson and Kirkpatric, 1985) 
Calorific value 
Calorific value (also known as heat of combustion) is the quantity of heat 
evolved by a complete combustion of a unit mass of substance.  It is the 
total amount of heat obtainable from oven-dry fuel material when burned 
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in an enclosure, “oxygen-bomb”.  It provides a basis for comparisons 
between fuels (Koch, 1985). 
According to the data given by FAO (1987), on an over-dry basis 
charcoal has the highest calorific value (31 MJ/kg) compared to other 
traditional biomass fuels such as wood (20 MJ/kg), rice husks (15 MJ/kg) 
and cow dung cakes (18 MJ/kg).  Mohamed (1998) reported that the 
healthy logs of A.seyal produced charcoal with calorific value of 
28007kJ/kg.  Hamid (1981) reported that calorific value for charcoal of 
five wood species (kiter, heglig, talh, sunt and habiel) varied between 
22720.5 and 32836.9 kJ/kg, and that of A.seyal was 29427 kJ/kg (1 cal/g 
= 4.1868 kJ/kg).  
 
The Types of Carbonization Kilns 
The earth mound 
This traditional system which required no more equipment to operate 
than, axe, shovel, rake and match is still widely used especially by 
subsistence producers. A pile of wood in the form of flattened hemisphere 
on a grid of cross logs to allow air circulation, is built on a cleared area, 
The pile is covered with leaves and grass followed by a layer of sand or 
sandy loam to a thickness of about 10-12 cm.  A series of air holes are 
opened around the base, and an opening on the top is left for lighting and 
for the escape of smoke.  The mound is lit by placing a shovel of burning 
coals in the top opening.  Dry wood is placed at the top of the pile to 
enable the fire to take hold easily. 
Combustion spreads slowly through the pile and a few days the smoke 
becomes quite clear. All the openings are then sealed and the mound is 
allowed to cool.  During burning, the operator attempts to direct the 
progress of the fire front so that it progresses symmetrically through the 
18 
 
pile. Attention is paid for cracks and air leaks and they quickly plugged 
with sand or earth. The pile is opened with a rake and this is used to 
separate the charcoal from the sand earth.  Fitting of a chimney at one end 
of the kiln encourage the circulation of the air to be equal at all parts of 
the kiln (Booth, 1983). 
The earth pit 
This method closely resembles the earth mound system. It could be 
considered as the equivalent but built below ground level. It can be 
operated wherever deep loamy or sandy soil is available. It is suitable for 
operation within the forest close to where the wood is being harvested 
and this markedly reduces fuel transport costs as well as cost of overall 
operation (Booth, 1983). 
The earth mound is preferred over the pit where the soil is rocky, hard or 
shallow, or the water table is close to the surface (FAO, 1987).  A further 
problem with pits is re-absorption of pyroligneous acid through rain 
falling on the pit.  The pyroligneous acids tend to condense in the foliage 
and earth used to cover the pit. When heavy rain falls they are washed 
back down and are absorbed by the charcoal (FAO 1987). 
Brick kilns 
It is permanent form of the earth mound kiln.  There are two basic 
designs in brick kilns, those which are cylindrical or spherical and the 
others which are asymmetrical with a tendency for the gas to pass from 
one side of the kiln to the other (Booth, 1983). 
The advantage is obvious wherever charcoal making is established 
assigning activity the kiln does not need to be rebuilt after each burn.  
The charcoal is clean and free of sand and earth.  The labor of a burn is 
reduced since there is no shoveling and raking to repair air leaks (Booth, 
1983). The yield of charcoal from a given quantity of wood is always 
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higher with brick kilns and this is one of the most powerful arguments for 
adopting a technology. Although good control of the mound and pit 
system are theoretically capable of given similar yield in practice, the 
quality of brick kiln charcoal is always better than mound or pit charcoal 
because contamination with earth and sand is avoided; the fixed carbon 
content of the finished charcoal is more consistent and controllable (FAO 
Undated). 
Metal (steel) kiln 
The kiln consists of two interlocking cylindrical sections and a conical 
cover.  The cover is provided with four equally spaced steam release 
ports, which may be closed off with plugs as required.  The kiln is 
supported on eight air inlet/outlet channels, arranged radically around the 
base.  During charring, four smoke stacks are fitted onto alternate air 
channels (FAO, 1987).  The steel kiln is a proven commercial method 
making charcoal in the developed world. In the developing world the 
problem is to overcome the high initial and repair cost (Booth, 1983). 
Oil drum kiln 
Charcoal can be produced in kilns manufactured from standard 45 gallon 
oil drums.  This method has been operated successfully using fast burning 
raw materials such as coconut palm timber, coconut shells and scrub 
wood.  However, when operated with dense hardwoods, complete 
carbonization is difficult to achieve and the resulting charcoal is likely to 
have a high volatile content.  Even with low density materials the volatile 
content of the charcoal produced is somewhat high, although this is not a 
major disadvantage for a local domestic fuel.  If the charcoal is to be 
produced for export, however, the use of proper metal kilns will enable 
the high quality demanded by the trade to be achieved.  Compared with 
traditional methods of production the conversion efficiency obtained in 
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oil drum kilns is comparatively high with reported yields of up to 23% on 
dry-basis (FAO, 1987). 
 
Charcoal Production in Sudan 
Previous evaluation studies have shown that the traditional Sudanese 
earth clamp method of charcoal production is remarkably efficient when 
compared with reported conversion efficiencies for similar operation in 
other countries.  This is due mainly to the dryness of the soil and the 
materials used in the kiln construction, low moisture content before 
carbonization, high degree of skill developed by the Sudanese charcoal 
makers over the years in recognition of the economic benefits of 
producing the maximum amount of charcoal from the restricted resource 
available (Abdel Nour and Satti, 1984; Padon and Satti, 1986). 
Charcoal burners work individually.  Each cuts enough wood to suffice 
for one kiln.  Small trees which are less than five centimeter in diameter 
are spared by charcoal producers (Abdel Nour, 1984). They cooperate on 
a reciprocal basis in the difficult tasks such as transport of heavy billets 
and kiln guarding of the first few days.  Cutting of wood takes 2 – 6 
weeks depending on the kiln size, wood is cut into 1- 1.5 m billets. 
Branch wood is utilized down to 2 cm diameter. The wood is left to dry 
for a period of 2 – 6 weeks, which is determined by various factors such 
as entrepreneur's concern over charcoal quality, his financial capacity, 
physical ability and ambition. 
While the wood is drying, the kiln site and cover grass are being 
prepared, soil cracks are filled in and compacted and suitable earth is 
prepared for cover.  These activities have an important bearing on 
charcoal recovery and quality. 
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Charcoal burners are generally very methodical .Twigs are stacked at the 
bottom followed by medium and large sized billets respectively.  
Charcoal burners have their own terminology, pyramid shaped kiln is 
referred to as an odium stork (simbiria in Arabic).  A small kiln which 
produces less than 200 sacks is referred to as "kilaiton". Small locomotive 
"medium and large size kilns” which produce 200-400 and more than 400 
sacks are respectively referred to as such.  When no smoke is emitted, the 
kiln is opened in concentric circles, starting from the outside inwards. 
Charcoal is left to condition for a day before it is packed. 
Other types of kilns used by charcoal burners in Blue Nile Province are 
square bottom or "um kursi" and the "tumsahia" (the crocodile) shape 
(Abdel Nour, 1984). 
 
Trees Used for Charcoal Production 
While charcoal can be made from any number of natural materials, 
hardwoods are favored (www.Forestry.about.com) and the best charcoal 
is usually produced from fine grained hardwood species 
(www.englishcharcoal.co.uk). 
In Sudan, the tree species preferred by all parties is talh (Acacia seyal) 
followed by kiter (Acacia mellifera) and heglig (Balanites aegyptica). 
Some charcoal is produced from habil (Combertum hartmmianum) and 
sahab (Anogeissus leiocarpus).  The former has a high conversion ratio 
but produces light charcoal and is generally rejected by the entrepreneurs 
and the latter is not very common (Abdel Nour, 1984). 
Acacia seyal, Blanites Agyptiaca and Acacia mellifera are susceptible to 
attack by Brochid borer such as Sinoxylon sengalense and termites. Talh 
is attacked immediately after felling and small wood can perish within 
two months (Abdel Nour, 1984). If converted to charcoal it can be stored 
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almost indefinitely.  The charcoal produce is of excellent quality and this 
tree is the preferred choice of charcoal makers.  Earl and Obeid (1985) 
noted that charcoal made from some trees including others acacia species 
is not as high quality as that produced form Acacia seyal.  
Generally all species of wood can be carbonized to produce useable 
charcoal. There is a variation in the ash content of different woods but 
this is generally not significant. Bark, however, has unacceptably high 
ash content and the structure of bark charcoal is too friable to be useful 
for most purposes. Therefore, where possible, bark should not be used or 
the amount of bark charged with the wood should be minimized (FAO 
1987). 
 
 
Acacia seyal var. seyal 
Classification 
Order: Leguminosae 
Family: Mimosoideae syn. mimosaceae  
Latin Name: Acacia seyal Del. 
Common synonym(s): Acacia stenocrpa Hochst.ex A.Rich 
Arabic name: talh, talh ahmer(Vogt, 1995). 
Distribution 
The species occurs throughout the drier parts of Africa from Senegal 
across to the red sea and down to Mozambique and Namibia (Vogt, 1995) 
Widespread on dark carking clay soil, on higher slopes of rivers and 
valleys, on the hard clay plains of central Sudan and on clay of seasonally 
wet depressions (Elamin, 1990). It is extremely resisting to soil 
desiccation and is often found of black tropical clays with wide and deep 
crevices during the dry season (Baumer, 1983). 
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Tree description 
The trees normally rises to about 10 meters in height but on good sites 
may reach 20 meters (Vogt, 1995).  Rusty or orange trunk, sometimes 
yellow-green in young individuals (Baumer, 1983).  Branches are 
provided with long thorns usually in pairs, straight, white, reaching 5-6 
cm in length. They are strong enough to be used as substitute for pins 
(Baumer, 1983). Flowering is from October to April (Thirakul, 1994) or 
from November to April (Elamin, 1990). Fruiting is from November to 
May (Thirakul, 1994) or from January to May (Elamin, 1990) 
 
Wood description 
The sapwood is white-cream, hard (Thirakul, 1994) or pale to medium 
brown; the heartwood is dark red (Elshiek, 1987).  The texture is 
moderately coarse and grains often irregular in direction due to the 
presence of knots.  Wood density is 0.85 g/cm3 at 12% moisture content.  
Equilibrium moisture content is 22% at 90% relative humidity and 13% 
at 60% relative humidity.  The wood has medium movement; the 
tangential shrinkage is 2.9% (Elshiek, 1987). 
 
Tree requirements 
Rain fall: 250 -1000 mm less rain fall is required where established in 
depression or with a high water table (Vogt, 1995).  The species is mostly 
found on loamy.  Clay soils temporary flooded or water –logged between 
the 400 and 800 mm isohyets (Baumer, 1983) occasionally, it grows on 
sandy soil under rainfall of 200 mm per a annum (NFTA, 1994).  
Relationship with the soil is well defined; there is an unusual degree of 
adaptation for deep heavy soils having a pH of about 6.8, accumulated at 
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low point of landscape or formed directly from fine grained rocks 
(NFTA, 1994). 
Altitude: 
Generally, a low land species, but it can be found of elevations of 2100 m 
(Vogt, 1995).  A.seyal is found in elevated areas up to 2100m in tropical 
regions, but generally occurs gregariously at lower elevation on level site 
of dark cracking clay soils (NFTA, 1994). 
Temperature: Tolerates very high temperatures(Vogt, 1995) ; the mean 
high temperature is 39-42 °C in the drier thorny wood land savannah and 
18- 25 °C in cooler climate in Ethiopia (NFTA, 1994). 
Propagation 
The number of seeds/kg is 20000-22000.  When ripe, the pods split open 
with some of the seeds falling to the ground and some remaining attached 
inside the pods.  If pods are collected from the ground, seeds can be 
separated out by floating them off in water.  Seeds in the pods are less 
likely to be infested with insects, and may be preferable.  Seeds should be 
fumigated if they are to be stored.  When properly sealed and handled 
they should remain viable for several years (Vogt, 1995). 
Propagation is from seeds; seedlings are grown in polythene bags.  The 
technique is the same as for acacias (Baumer, 1983).  Before sowing, 
seeds should be pre-treated with boiling water or sulphuric acid; this 
should give approx 50% germination success rate.  Subsequent growth is 
rapid and seedlings are ready for planting after about four months (Vogt, 
1995). 
For conservation purpose, seeds are stored at 8-10 °C provided moisture 
content is 6% or less. Germination rate  is low (10-25%) because of the 
hard seed coat .It could be increased up to 80% when seeds are treated 
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mechanically or soaked in concentrated sulphuric acid for 15 minutes 
(Mahgoub and Dafalla, 1996).   
The regeneration of A. seyal var. seyal stands do not depend on coppice 
shoots but on the presence of abundant seed and its exposure to a mild 
fire and soil disturbance, which enhances germination (Badi et al., 1989).  
A reproduction stage may be reached rapidly within five years in natural 
stand, unless the growth is retarded by local events such as intense 
browsing or fire (NFTA, 1994). 
Pests 
Over forty species of insects are reported associated with A.seyal .beetles 
of various families attack the wood the bostrychid, sinoxylon Senegalese 
being the most notorious and swiftly locating and infesting freshly cut 
wood, especially if lying on the ground (Badi et al., 1989). 
Talh (A. seyal), heglig (B. acgyptica) and kitir (A. mellifra) are very 
susceptible to attack by Brochid borers such as Sinoxylon senegalese and 
termites.  Talh is attacked immediately after felling and small wood can 
perish within two month (Abdel Nour 1984). 
Management 
The tree is usually cut between the age of 8 and 15 years, according to 
population pressure and demand for wood (Baumer, 1983). When fifteen-
year old stand are harvested, they are likely to have produced a seed 
reserve sufficient to regenerate the stand (NFTA 1994). 
The benefits 
Both varieties of A.seyal are favorable as forage dry matter; net energy 
content is high (6.8 MJ/kg) of fruits (NFTA, 1994).  A.seyal trees are 
important fodder trees for the nomads (Eltohami, 1995).  The leaves, 
young branches, flowers and pods are grazed by domestic and wild 
animals especially in the dry season.  Over much African countries 
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leaves, pods and flowers of A.seyal are the major source of early dry 
season fodder (Elghazali, 1998).  Pods contain more than 20% protein 
and they are very nourishing (Elsheikh, 1987).  
Local people use poles of medium size with forks for house construction, 
branches are used for fencing.  The tree with bright yellow flowers and/or 
green and red bark are used for decoration. The tree is good in soil 
stabilization and soil fertility as its roots fix atmospheric nitrogen.  In 
addition, wood fumes and smoke is said to be an effective insect 
repellent.  Ttalh is widely used as a medicinal plant in Sudan. Bark, 
leaves and gum Arabic used in local medicine for the treatment of many 
diseases such as hemorrhage, cold and diarrhea (El ghazali, 1998).  Good 
fuelwood and charcoal can be obtained from this tree, although it is said 
to burn quickly (Vogt, 1995). 
The enormous potential of this plant has not yet been vigorously 
exploited.  Planting is recommended to provide fuelwood, charcoal, live-
hedging, forage, shelter belts and for sand dune stabilization (Vogt, 
1995). 
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CHAPTER III 
MATERIALS AND METHODS 
 
 
Study Area 
Gedarif State is one of the Eastern Region states of the Sudan.  It lies 
between longitudes 33o 30’ and 36o 30’ East and latitudes 12 o 40' and 15o 
40' North.  The total population of the State according to 2003 census is 
1567 814 capita with an average growth rate of 3.7%.  The total area of 
the State is approximately 710 000 square km giving a per-capita area of 
0.45 square km.  The climate is dry in the North and North West where 
the rainfall ranges between 100 and 500 mm per annum during July-
October.  The eastern and southern parts of the State are relatively wet 
and the rainfall ranges between 500-900 mm per annum (Gedarif State 
Strategic Planning Committee 2005) 
Soil is mainly dark cracking clay soil covering almost the whole area of 
the state, ten million feddans of which are exploited by rain-fed 
mechanized farming for cultivation of sorghum and sesame.  The 
irrational exploitation of the existing natural forests resulted in an obvious 
decrease in rainfall amount, decreasing soil fertility and in turn crop 
productivity (Gedarif State Strategic Planning Committee 2005).  The 
total area of the reserved forests in the State is 2,530,217 feddans 
including 2 396 807 feddans of governmental, 122 660 feddans of 
community and 11 750 feddans of private forests.  Shelterbelts 
established in mechanized agriculture schemes cover an estimated area of 
41 850 feddans (FNC, Gedarif State 2006). 
Wadel Khishied Reserved Forest 
The selection of Wadel Khishied Forest for this research was based on the 
existence of pure stands of A.seyal var.seyal Del. having trees of various 
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diameters that allow the production of sample billets with the desired 
dimensions.  Wadel Khishied Forest is one of the reserved forests of Al 
Hawata Forest Circle in Gedarif  State. Al Hawata  Forest Circle is 
located between latitudes 12 45'-13 54' North and longitude 34:1'-35:1' 
East.  It is seven kilometers south of Al Hawata at the eastern bank of El 
Rahad River.  It was reserved on 15th of April, 1972, (gazette No. 1129) 
with a total area of 2778 feddans.  Its soil is cracking clay and it receives 
water during the flooding season of El Rahad River beside the rain and 
runoff water.  The forest has direct effect on the protection against soil 
and river erosion. 
A.seyal. var. seyal is the dominant tree species; A. nilotica is found at the 
depressions.  There is no working plan and the final felling is carried by 
tenders or departmental production.  The forest satisfies the villagers’ 
needs of firewood and fodder for the sheep and cattle, and it is used for 
recreation (FNC, Al Hawata Forest circle; personal communication 
2008). 
 
Materials 
 
The purpose of this research was to study the variation in production 
efficiency of charcoal produced from A.seyl var. seyal using different 
sizes of billets and types of kilns.  Three types of kilns were used, 
namely, metal kiln, traditional earth mound kiln and oil drum kiln. 
Billets preparation  
In order to produce charcoal, sixty seven trees were felled using a power-
chain saw.  The tree diameters varied between 10 and 33 cm.  Wood was 
cut into one-meter billets for metal and traditional earth mound kilns, and 
into 82-cm billets for the oil drum method.  The minimum utilized 
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diameter was 2.5 cm.  The billets were left to dry for a period of four 
weeks. 
While the wood was drying, the kiln site was leveled; soil cracks were 
filled with silt soil and compacted.  Silt soil was prepared and grass/straw 
was gathered to be used for covering the traditional kiln. 
 
Description of the used kilns 
The kiln types used were metal kiln, traditional mound kiln and oil drum 
kilns.  Other equipment and tools used included, power chain saw, 
caliper, balance, tape, spade, shovel, axe, straw, gasoline, match, sacks, 
needle and string. 
Metal kiln: 
The metal kiln used consisted of a cylinder 213 cm in diameter and 98 cm 
in height, and a conical cover 50 cm height.  The conical was opened at 
the top and a small transportable cover was used to close the opening.  
The kiln was mounted on eight air inlet and outlet channels, arranged at 
the base with equal distance.  Four smoke stacks charring were fitted onto 
alternate air channels (Figure 3.1). 
Traditional kiln: 
The traditional kiln consisted of piling billets of wood standing on their 
ends slightly inclined to meet with their tops forming a conical shape with 
its base on the ground.  Straw was then put at the bottom and ventilation 
was allowed for against the airstream direction (Figure 3.2).  
Oil drum kiln: 
Charcoal can be produced in a kiln manufactured from standard forty-
eight gallon oil drum.  A vent was made along the length of the drum and 
it was twenty eight centimeters in width.  This vent was operated at the 
work shop and it doesn’t need high skills (Figure 3.3). 
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Figure 3.1. Metal kiln. 
 
 
 
Figure 3.2. Traditional kiln. 
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Figure 3.3. Oil drum kiln 
 
 
Methods 
Charcoal Production 
The billets were transported to the kilns site.  The diameters were 
measured at the middle of the billets and the volume was determined 
according to Huber formula.  The billets were sorted into three diameter 
categories: small size (2.5-8.9 cm), medium size (9.0 cm-17.9 cm) and 
large size (18.0 cm and above) using a caliper. 
The billets were stacked in cubic meters for the sake of calculating 
stacking conversion factor.  A weighing scale of 220 pounds was used for 
weighing the billets.  The billets were air-dried before carrying out the 
carbonization process.  The process of carbonizing is described below for 
the three kiln types. 
Metal kiln:  For the three size classes the kiln was prepared in a good 
manner, taking care that the soil is compact and there is no cracks.  Then 
the kiln fitted on eight inlet/outlet channels at the same distance between 
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them.  The height of in/out let channels is five centimeters so the kiln was 
five cm from the ground. 
Billets of known weight, volume and length were put vertically (for a 
height of one meter), then horizontally up to the edge of the cylinder and 
lastly took the shape of the conical cover in the upper part.  A vent was 
left all through the kiln from the bottom upwards and filled with straw. 
The conical cover was put and four smoke stacks were fitted onto 
alternate air channels. 
The ignition was encouraged by gasoline oil. When the fire caught, after 
20-30 minutes, the vent on the upper part of the conical cover was shut 
and the kiln was sealed with silt all around to prevent any entering of air 
except through the channels.  The smoke stacks were changed 
periodically to give equal air for all directions of the kiln so the burning 
was controlled by limiting and regulating the amount of air entering the 
kiln. 
Great attention was taken to avoid any break down.  After the color of the 
smoke changed to bluish all vents were sealed.  The bluish color appeared 
after kiln ignition by 50, 46 and 31 hours for the large, medium and 
small-diameter billets, respectively.  After two days, the kiln was opened 
and charcoal was put in sacks and weighted. 
Traditional kiln:  
The billets were stacked starting from the centre outwards.  The space 
between the billets was filled with dry straw for the small diameters and 
with dry straw and branches (locally known as a sotaf) for the large and 
medium diameter billets. 
A tunnel was left away from the wind direction leading to the central 
straw stack.  The kiln was then covered with dry straw and the upper part 
was covered with grass and silt.  The central straw stack was ignited and 
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then supervision was taken day and night.  When carbonization ceased a 
thick layer of silt was put on to prevent any entering of air.  After the kiln 
cooled down the kiln was opened. 
Oil drum kiln:  
The length of the drum was 85 cm and the billets were 82 cm long.  The 
space between the billets was filled with dry straw; two iron bars were 
put radial to the vent to prevent billets from falling.  After the caught, the 
drum was rolled up down and a thin silt layer was used to seal the vent all 
around to avoid any entering of air.  Only small-size billets were used in 
this procedure. 
 
Charcoal Yield 
In order to evaluate the yield of the charcoal, the produced charcoal was 
weighed using a 100-kg balance.  The weights for charcoal, fines and 
unburned wood were recorded separately.  The net charcoal produced 
was determined as the ratio of the net weight of charcoal to the weight of 
the billets, excluding the fines and unburned wood. 
 
Charcoal Properties 
To test some of the physical and chemical properties of the produced 
charcoal, three samples were randomly selected to represent each 
combination kiln type and billets size.  The physical properties included 
moisture content, density, calorific value, ignition time, burning time, 
water boiling time, and chemical properties, including volatile 
substances, ash and fixed carbon, which were measured according to 
standard procedures (ASTM D:1762, 1990). 
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Moisture content 
The moisture content was determined as the weight loss of powdered 
charcoal at 105o C.  Twenty one empty crucibles were oven-dried and 
weighed individually using a sensitive balance.  Then from each of the 
three randomly selected samples for each kiln type and billet size, one 
gram of powdered charcoal (21 samples) was put in one of the crucibles.  
The specimens were placed in a universal drying oven with temperature 
set to 105o C over night until the specimens reached a constant weight and 
that was after about 24 hours.  The crucibles were cooled in a desiccator 
containing copper sulphate as drying agent for an hour.  The difference 
between the weights before and after drying was the amount of the 
moisture content, and it was given as a percentage of the oven-dry 
weight. 
 
Volatile substance content 
ASTM procedure D: 1762 (1990) was used to determine volatile 
substance content, ash content, fixed carbon. To determine volatile 
content, the muffle furnace was heated to 950o C then the crucibles used 
for the moisture determination were preheated with lids in place and 
containing the samples as follows: with the furnace door open, for two 
minutes, on the outer edge of the furnace (300o C) and then for three 
minutes on the edge of the furnace (500o C).  Then the samples were 
moved to the rear of the furnace for six minutes and then cooled in a 
desiccator.  Then the crucibles were reweighed and the differences 
between these weights and the respective initial (oven-dry) weights 
represent the weight of volatile matter.  Volatile matter content was 
calculated as the percentage of these weights and respective ones of the 
oven-dry charcoal. 
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Fixed carbon content 
Fixed carbon was calculated as the difference of 100 minus the sum of 
the volatile and the ash content. 
 
Ash content 
The preceding samples were further heated for six hours in a furnace 
oven at 750○ C.  The samples were cooled for an hour and then weighed.  
The difference between these weights and the empty crucibles was 
calculated as the weight of the a 
Charcoal density 
Air-dry, green, oven-dry and basic density of charcoal were determine 
using standard procedures describe in wood technology text books (e.g. 
Desch and Dinwoodie, 1981).  The immersion method was used to 
determine the volume; a beaker of water was placed on the balance and 
its weight was recorded; then the test specimen, suspended by a needle 
clamped in a stand, was lowered into the beaker and completely 
immersed in the water, the new weight was recorded and the difference 
between the two weights in grams is equal to the volume of the displaced 
water and hence to the volume of the specimen.  To prevent absorption of 
water, dry specimens were dipped in a bath of melted wax and quickly 
removed and then the surplus wax was scraped off.  For each of the seven 
combinations of kiln type and billet size, three specimens of charcoal 
were randomly selected to determine density giving a total of twenty one 
specimens.   
For each specimen, weight and volume were determined at the green, air-
dry and oven-dry conditions. 
Air-dry density was calculated as the ratio of air-dry weight to air-dry 
volume of the specimen. 
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Green density was calculated as the ratio of green weight to green 
volume of the specimen 
Oven-dry density was calculated by dividing oven dry weight over oven 
dry volume of the specimen. 
Basic density was calculated as the ratio of oven-dry weight to green 
volume of the specimen. 
 
Ignition time 
Three charcoal samples for each combination of kiln type and billet size 
(a total of 21) were cut in small sizes nearly similar in shape and weight. 
The approximate dimensions of the samples were 4*2*1.5 cm for the 
length, width, and thickness, respectively.  To determine the ignition time 
of the charcoal, an electric heater was used.  When the temperature of the 
heater became stable the test specimens were put individually and the 
time of the commencement of the ignition was recorded (Figure 3.4). 
 
 
 
Figure 3.4. Charcoal sample on electric heater to determine ignition time  
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Burning time 
For each of the seven combinations of treatments, one kilogram of 
charcoal was weighed.  Each of these samples was put on a traditional 
metal stove.  The stoves were ignited at the same time.  The time between 
igniting and put off of charcoal was calculated.  The test was replicated 
five times changing the places of the stoves randomly 
 
 
 
Figure 3.5. Burning charcoal on traditional stoves to measure the charcoal 
burning time. 
 
 
Percent of unburned charcoal 
The unburned charcoal remaining in the stove after the test of the burning 
time was weighed and its percent was calculated with reference to the 
initial weight 
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Percent of burned charcoal 
The percent of burned charcoal was calculated as the difference between 
100% and the sum of the percentages of unburned charcoal and ash. 
 
Percent of ash content 
The weight of the ash remaining in the stoves was recorded and its 
percent was determined with reference to the initial weight (one kg) of 
charcoal.  
 
Water boiling time 
For the test of the boiling time, seven traditional metal stoves were set in 
a protected area to avoid the flow of the winds.  The distance between 
stoves was eight centimeters.  The places and the stoves were labeled 
with figures from one to seven.  A kilogram of charcoal was weighed for 
each of the seven combinations of kiln type and billet size, and was then 
put on a traditional metal stove.  The seven stoves were ignited at the 
same time.  After thirty minutes, seven pots, each filled with 2100 ml (2.1 
kg) of water, were put one on each stove.  When the water boiled, the 
time between putting and boiling was recorded. The test was replicated 
five times and each time the places of the stoves were randomly changed 
(Figure 3.6). 
Calorific value 
The caloric value is the most important charcoal physical property.  
Determination of the caloric value was carried out at the laboratories of 
Central Petroleum Laboratories (CPL), Sudanese Petroleum Corporation 
(SPC) and at the Generation Directorate Central Lab of the National 
Electricity Corporation.  A French bomb calorimeter (PARR 1266) was 
used at the two laboratories.  The results were almost similar. Calorific 
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value was determined in this test by burning one gram of charcoal in the 
oxygen bomb calorimeter under controlled conditions.  The calorific 
value was computed from temperature observations before, during, and 
after combustion with proper allowance for thermo chemical and heat 
transfer corrections. 
 
Data Analysis 
Analysis of variance was conducted to investigate the significance of 
differences between kiln types and billet sizes (Petersen 1985).  Duncan 
Multiple Range Test was used for mean separation.  These analyses were 
conducted using the Statistical Analysis Systems package (SAS Institute 
Inc. 1990)  
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CHAPTER IV 
RESULTS AND DISCUSSION 
 
Generally, the results of analysis of variance revealed significant 
differences in charcoal properties according to both kiln type and billet 
size.  As the interaction terms were significant, the means of each of the 
two factors are given at the various levels of the other one in tow-way 
Tables (Tables 4.1 to 4.17).  The means were separated using Duncan's 
Multiple Range Test.  The carbonization of large and medium size billets 
(having diameters greater than nine centimeter) in the oil drum kiln was 
not successful even after a period of two days. 
Charcoal Yield 
The weight of wood and hence the weight and number of sacks of the 
produced charcoal varied by kiln types used in the experiment (Table 
4.1).  There is indication that conversion ratio of drum kiln (24.9%) was 
the highest followed by that of the metal kiln (22%) and the traditional 
kiln (20.5%).  The yield of the metal kiln was less than that (31%) 
reported by Nasroun (1985), and this might be due to the high volatile 
matter of the previous experiment. 
 
Table 4.1.  Average charcoal yield by kiln type 
Kiln type Weight of 
wood (kg) 
Weight of 
charcoal (kg)
Number of sacks  
(each of 37 (kg) 
Conversion 
ratio 
Drum 83.9 20.6 0.56 24.9% 
Metal 5843.2 1286.8 34.8 22.0% 
Tradition
al 2443.5 501.0 13.5 20.5% 
 
The capacity of the drum was 0.0 92 m3 of stacked volume of small billet 
size.  For the metal kiln it was 3.5, 3.5 and 3.25 m3 for the large, medium 
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and small size billets, and the weight of the produced charcoal was 468.6, 
460.4 and 357.9 kg, respectively (Table 4.2).  The capacity of the 
traditional kilns was variable.  The number of sacks was calculated 
according to the average commercial weight, which is 37 kg of charcoal 
per sack. 
 
Table 4.2.  Charcoal yield (kg) and number of sacks produced by kiln 
type and billet size 
Billet sizes 
Kiln type 
Large medium Small 
Drum - - 20.9 (0.56 sacks) 
Metal 468.6 (12.66 sacks) 
460.4 
(12.44 sacks) 
357.9 
(9.670 sacks) 
Traditional 192.3 (5.19 sacks) 
111.1 
(3.003 sacks) 
197.8 
(5.345 sacks) 
 
There is indication that conversion ratio was highest for the small billets 
followed by the medium and then the large billets.  The average 
conversion ratio (%) was 20.4-18.6 for the large billets, 22.2-21.4 for the 
medium billets and 24.2 - 22.2-24.9 for the small billets (Table 4.3). 
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Table 4.3. Average conversion ratio by kiln type and billet size 
Billet sizes 
Kiln type 
Large medium Small 
Drum - - 24.9%  
Metal 20.4% 22.2% 24.2% 
Traditional 18.6% 21.4% 22.2 
 
 
 
Charcoal Properties 
 
Moisture content 
Charcoal moisture content of the samples varied between 0.07 and 
2.41%.  These values are in line with the average moisture content of 
charcoal (1%) fresh from an open kiln, although charcoal can absorb 
moisture with time to up to 5-10% FAO (1987), and this is in line of the 
findings of Nasroun (1985), who reported a value of 2.99% 
There were no significant differences between all billet sizes in metal and 
traditional kilns (Table 4.4). There were no significant differences in 
charcoal moisture content between kiln types for the small billets.  
However, the metal kiln had significantly higher moisture content than 
the traditional kiln for the large and medium size billets. The relatively 
low values found in this study for A. seyal charcoal (Table 4.4) is an 
indication for good quality because high moisture content values reduces 
the heating values of fuels. 
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Volatile content 
The volatile content of the samples ranged between 5.03 and 33.52 %. 
For each of the billet sizes, there were significant differences between the 
kiln types; the metal kiln had the highest values, which ranged between 
20 and 32 (Table 4.5).  ) and they were lower than the value (50%) 
reported by Nasroun (1985) for the charcoal produced by metal kiln. 
Significant differences were also found between the three billet sizes.  At 
each of the three kilns; the small billets had significantly the highest 
amount while the large billets had the lowest amount of volatile matter.  
The volatile matter other than water in charcoal comprises all those 
liquids and tarry residues not fully driven off in the process of 
carbonization The traditional kiln had the lowest average values (5.2-
12.4%) for all billet sizes and these are within the lower tail of the range 
of volatile matter known for charcoal (FAO, 1987 Such low values 
indicate that the carbonization time was longer and temperature was 
higher in the traditional kiln than in the other two kilns types. 
 
Fixed carbon 
The magnitude of the fixed carbon content of the samples ranged between 
61.97 and 89.94%.  There were significant differences between the kiln 
types.  The large and medium size billets of the traditional kiln had 
significantly greater carbon content (82.8-89.7%) than those of the metal 
kiln.  
The highest values for the small billets (82.7) were also found in 
traditional kiln followed by drum kiln (Table 4.6).  FAO (1987) reported 
that the fixed carbon content of charcoal ranges from a low of about 50% 
to a high or around 95%.  However, Jarvis (1960) noted that good quality. 
44 
 
Table 4.4. Effect of kiln type and billets size on charcoal moisture content 
(%) 
Billet sizes 
Kiln type 
Large Medium Small 
Drum - - 0.482 A 
Metal a 1.165 A 
a 
1.341 A 
a 
1.125 A 
Traditional a 0.167 B 
a 
0.351 B 
a 
1.108 A 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
 
 
Table 4.5. Effect of kiln type and billets size on charcoal volatile content (%) 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
Billet sizes 
Kiln type 
Large Medium Small 
Drum 
- - - 
17.402 B 
Metal 
c 
20.665 A 
b 
28.923 A 
a 
32.102 A 
Traditional 
c 
5.219  B 
b 
10.382 B 
a 
12.472  C 
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industrial charcoal has a fixed carbon content of 75 to 82 percent and the 
values found for charcoal produced from all billet sizes in the traditional 
kiln were higher than this range. 
The three billet sizes were significantly different from each other in the 
metal kiln.  Large billets had significantly the highest while small billets 
had the lowest carbon content. Nasroun (1985) found lower value for 
fixed carbon 44.33 for the metal kiln 
 
Ash content 
The maximum and minimum ash content values of the samples were 3.97 
and 6.79, respectively. These values were in line with the range given by 
FAO (1987) for various species. The result of Nasron(1985) showed a 
lower percentage of ash content for metal kiln. There were no significant 
differences between the medium and small billets of the metal kiln and 
they had significantly the lower values.  In the traditional kiln, the 
medium billets had the highest while the small ones had the lowest ash 
content with significant differences between the three sizes (Table 4.7). 
Significant differences were found between kiln types for the medium 
and small billets, but not for the large ones.  The lower values were 
associated with the metal kiln for the medium and small billets. 
Charcoal density 
Oven-dry density: The oven dry density of the charcoal samples varied 
between 0.447 for small billet size of the drum kiln and 0.647 for small 
size of the traditional kiln .There were no significant differences between 
the billet sizes for all kiln types.  Significant differences between kiln 
types were found only for the large billet sizes, where the traditional kiln 
had significantly higher oven-dry density than the metal kiln (Table 4.8)  
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Table 4.6. Effect of kiln type and billets size on charcoal fixed carbon  
content (%) 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
 
Table 4.7.  Effect of kiln type and billets size on charcoal ash content (%) 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
Billet sizes 
Kiln type 
Large medium Small 
Drum 
 
- 
 
- 
 
77.439 B 
Metal 
a 
73.699 B 
b 
66.971 B 
c 
63.640 C 
Traditional 
a 
89. 661 A 
b 
82.844  A 
c 
82.712 A 
Billet sizes 
Kiln type 
Large medium small 
Drum 
- -  
5.159 A 
Metal 
a 
5.636 A 
b 
4.106 B 
b 
4.258  B 
Traditional 
b 
5.120 A 
a 
6.775 A 
c 
4.816 A 
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Green density: The maximum value of green density was 1.1423 and the 
lowest was 0.7758.  There were no significant differences between kiln 
types for small-size billets and between the billets in the metal kiln.  
There were significant differences between the metal and traditional kilns 
for the large and medium size.  There were significant differences 
between medium and large billets in the traditional kiln while there were 
no significant differences between them and the small size (Table 4.9).  
Air-dry density: The values of air-dry density varied between 0.3957 
and 0.6477.  There were no significant differences between the kiln types 
for all billet sizes and no significant differences between the billet sizes in 
the traditional kiln.  In the metal kiln, the large billets had significantly 
higher air-dry density than the medium billets, while there were no 
significant differences between them and the small size (Table 4.10). 
Basic density: The basic density varied between 0.4312 and 0.6375.  
There was no significant variation seen between billet sizes in the metal 
kiln.  There were no significant differences between the kiln types for the 
small billets size (Table 4.11).  There were significant differences 
between medium and large billets in the traditional kiln while there were 
no significant differences between them and the small size.  While there 
were no significant differences between the metal and traditional kiln for 
the medium billets, significant differences were found for the large sizes, 
the higher value was associated with the traditional kiln. 
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Table 4.8. Effect of kiln type and billets size on charcoal oven-dry density  
Billet sizes 
Kiln type 
Large medium small 
Drum - -  0.489 A 
Metal a 0.493 B 
a 
0.542 A 
a 
0.535 A 
Traditional a 0.613 A 
a 
0.544 A 
a 
0.565 A 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
 
 
Table 4.9. Effect of kiln type and billets size on charcoal green density  
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
Billet sizes 
Kiln type 
Large medium Small 
Drum 
- - 
 
0.987  A 
Metal a 
0.842 B 
a 
0.837 B 
a 
0.824 A 
Traditional a 
1.133 A 
b 
0.988 A 
ab 
1.026  A 
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Table 4.10. Effect of kiln type and billets size on charcoal air-dry density  
 
 
 
 
 
Table 4.11. Effect of kiln type and billets size on charcoal basic density  
In the same column, means with the same upper case letter are not significantly 
different (p=0.05).  In the same row, means with the same lower case letter are not 
significantly different (p=0.05)  
 
 
 
Billet sizes 
Kiln type 
Large medium small 
Drum 
- - 
 
0.482  A 
Metal a 
0.660A 
b 
0.547A 
ab 
0.587 A 
Traditional a 
0.538 A 
a 
0.571 A 
a 
0.577 A 
 
Billet sizes 
Kiln type 
Large Medium small 
Drum - -  
0.484 A 
Metal a 
0.481 B 
A 
0.517 A 
a 
0.505 A 
Traditional a 
0.622 A 
B 
0.530 A 
ab 
0.556 A 
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Ignition time 
The shortest time of ignition (18 seconds) was recorded for the small size billets 
of the traditional kiln, while the longest one (50 seconds) was recorded for the 
small billets of the drum kiln.  There were no significant differences between the 
kiln types in the ignition time for the large and medium billet sizes (Table 4.12). 
For the small billets the drum kiln had the longest ignition time compared to other 
kilns.  No significant differences were found between billet sizes. 
 
 
Table 4.12.  Effect of kiln type and billets size on charcoal ignition time 
(seconds) 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
Burning time 
The longest burning time of charcoal was 402 minutes (medium size 
billets of the traditional kin) and the shortest was 245 minutes (small size 
of the drum kiln).  No significant differences were found between the 
billet sizes in burning time (Table 4.13). 
 
Billet sizes 
Kiln type 
Large Medium Small 
Drum - -  
43.7 A 
Metal a 
28.0 A 
a 
26.7 A 
a 
32.0 AB 
Traditional a 
28.0 A 
a 
24.7 A 
a 
22.7 B 
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There were no significant differences between the metal and traditional 
kilns for medium size billets.  There were significant differences between 
the kiln types for the large and small size billets.  For all billet sizes the 
charcoal produced in the traditional kiln had the longest burning time. 
 
Table 4.13.  Effect of kiln type and billets size on charcoal burning time 
(minutes) 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
 
Percentage of burned charcoal  
The burned charcoal percentage of the samples varied between 91.38 % 
for the medium size of the traditional kiln and 95.24 % for the large size 
of the metal kiln. 
The metal kiln had the highest values compared to the other two kilns 
(Table 4.14).  There were no significant differences between the billet 
sizes in the metal kiln.  However, in the traditional kiln, there were no 
significant differences between the billets of medium size and the other 
Billet sizes 
Kiln type 
Large Medium small 
Drum - - 
 
259  B 
Metal 
a 
284  B 
a 
299  A 
a 
288  B 
Traditional 
a 
355  A 
a 
358  A 
a 
339  A 
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two sizes, while the small billets had significantly greater percentage of 
burned charcoal than the large billets. 
 
Table 4.14.  Effect of kiln type and billets size on the percent of burned 
charcoal 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
 
Percentage of unburned charcoal 
The percentages of the unburned charcoal of the samples were very small 
and they ranged between 0.3% to I.7%.  There were no significant 
differences between kiln types or billet sizes (Table 4.15). 
 
Billet sizes 
Kiln type 
Large Medium small 
Drum - - 
 
92.276 B 
Metal 
a 
93.180 A 
a 
92.964 A 
a 
93.736 A 
 
Traditional 
b 
91.700 B 
ab 
92.012 B 
a 
92.636 B 
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Table 4.15. Effect of kiln type and billets size on percent of unburned 
charcoal (%) 
Billet sizes 
Kiln type 
Large Medium small 
Drum - -  0.712 A 
Metal a 0.908A 
a 
0.734 A 
a 
0.468 A 
Traditional a 0.843A 
a 
0.786 A 
a 
0.746 A 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
 
Percentage of ash (using traditional metal stoves) 
The percentage of ash of the samples varied between 4.5% and 8.2%.  
There were no significant differences in charcoal ash content between the 
billet sizes of the metal kiln.  In the traditional kiln, there were significant 
differences between the large and small size billets, however, no 
significant differences were found between the medium size billets and 
the other two sizes (Table 4.16). 
No significant differences were found between the drum and traditional 
kilns in the ash content of small size billets, but they had significantly 
higher values than the metal kiln.  There were significant differences 
between the metal and traditional kilns for all the sizes. 
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Table 4.16. Effect of kiln type and billets size on charcoal ash content 
(%) 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
 
Water boiling time 
The fastest boiling time was 7.67 minutes and this was found for the 
small size billets of the drum kiln and the slowest was 13 minutes and it 
was found for the medium size of the traditional kiln.  There were no 
significant differences between the billet sizes of the metal kiln.  
However, in the traditional kiln, there were significant differences 
between the large and medium size billets, which were not significantly 
different from the small billets (Table 4.17). 
There were no significant differences between kiln types for the large and 
medium size billets.  For small size billets traditional and metal kilns had 
significantly longer boiling time than the drum kiln 
 
Billet sizes 
Kiln type 
Large Medium small 
Drum - -  7.0 A 
Metal a 5.9 B 
a 
6.3 B 
a 
5.8 B 
Traditional a 7.5 A 
ab 
7.2 A 
b 
6.7 A 
55 
 
Table 4.17.  Effect of kiln type and billets size on water boiling time 
(minutes) 
In the same column, means with the same upper case letter are not 
significantly different (p=0.05).  In the same row, means with the same 
lower case letter are not significantly different (p=0.05) 
 
Charcoal calorific value 
The calorific value showed clear differences between the kiln types and 
billets sizes.  The traditional kiln had the highest average calorific values; 
they were 29960, 28820 and 29360 KJ/kg for the large, medium and 
small billets, respectively.  The respective values for the metal kiln were 
28070, 27260 and 26290 KJ/kg.  These values are comparable to the 
calorific value found by Nasroun (1985) for A.seyal charcoal produced by 
metal kiln, which was 28931 Kj/Kg (6910 cal/gm).  The small size billets 
of the drum kiln showed an average calorific value of 26690 KJ/kg, 
which was comparable to the respective value of the metal kiln. 
The test for obtaining  the caloric value done at the Sudanese Petroleum 
Corporation (SPC) and the National Electricity Corporation-Central Lab 
for the small billet size of the traditional kiln were 29360 and 29649KJ/kg 
(7081.63 cal/g), respectively.  The above values are comparable to 
Billet sizes 
Kiln type 
Large Medium small 
Drum - - 
 
8.27  B 
Metal 
a 
9.86 A 
a 
10.08 A 
a 
10.73 A 
Traditional 
b 
9.58 A 
a 
11.36 A 
ab 
10.64 A 
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calorific values found by Mohamed (1998) and Hamid (1981) for A. seyal 
charcoal; their values were  28007 KJ/kg and 29427 KJ/kg (7027.48 
cal/gm), respectively.  
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CHAPTER V 
CONCLUSSIONS AND RECOMMENDATIONS 
 
 
Conclusions 
According to the results obtained from this study the following can be 
concluded: 
The conversion ratio of the kilns was highest for the small billets 
followed by the medium and then the large billets. 
The traditional kiln produced charcoal of higher quality than the metal 
and oil-drum kilns.  It significantly had the highest density and fixed 
carbon content, lowest volatile content, longest burning time relatively 
the highest calorific value for all billet sizes.  Generally, It also had the 
highest charcoal density. 
The metal kiln had significantly the lowest fixed carbon and highest 
volatile content. 
Generally, the large billets had the highest fixed carbon content and 
calorific value, while the small billets had the highest volatiles and the 
lowest fixed carbon and ash content. 
In the traditional kiln, the large billets had the highest fixed carbon, green 
density, basic density and ash content, and the lowest volatile content. 
Recommendations 
The use of traditional kilns for charcoal production is recommended 
based on the higher quality of product and the little variation in the 
conversion ratio between the three studied kiln types 
Although the quality of charcoal produced by the oil-drum kiln is lower 
than that of the traditional kiln, it can be recommended for carbonizing 
the small billets that are usually not used as firewood. 
Future research work is needed to study the potentiality of using small-
size billets produced by lopping mature forest trees for charcoal 
production and the potentiality of utilizing young, short-rotation forest 
trees from rotations including growth trend, management, production 
system involving local communities and productivity). 
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